Introduction

!
Triterpene glycosides are the typical predominant secondary metabolites in sea cucumbers. More than 100 of these glycosides have been reported. The majority of these saponins have a sugar chain of up to six monosaccharide units linked to the C-3 of the aglycone, which is usually a triterpene of the lanosterol type with an 18(20)-lactone [1, 2] . The saponins have a wide spectrum of biological functions, including antifungal, cytotoxic, hemolytic, cytostatic and immunomodulatory activities [3] . Sea cucumber, Holothuria scabra (Holothuriidae), is distributed abundantly in the South China Sea, and is used as a tonic in China [4] . As part of our research on biological secondary metabolites from echinoderms [5, 6] , we have focused our attention on the polar extracts of H. scabra. In this paper, we report the isolation and structure elucidation of two new sulfated triterpene glycosides, scabraside A (1) and B (2) (l " Fig. 1 ), as well as their cytotoxicity against four human tumor cell lines.
Materials and Methods
!
General experimental procedures
Melting points were determined on an XT5-XMT apparatus. Optical rotations were measured on a Perkin-Elmer-341 polarimeter. IR spectra were recorded on a Bruker Vector-22 apparatus. NMR spectra were recorded in C 5 D 5 N on a Bruker Avance-ΙΙ-600 spectrometer with TMS as internal standard. ESI-and HR-ESI-MS were acquired using a Q-TOF Micro LC-MS-MS mass spectrometer. GC-MS were acquired using a Finnigan Voyager GC/MS apparatus with an ULTRA-2 column (50 m × 0.2 mm). HPLC was carried out on an Agilent 1100 liquid chromatograph equipped with a refractive index detector using a Zorbax 300 SB-C 18 column (250 × 9.4 mm). Column chromatographic separations were performed on silica gel H (200-300 mesh, 10- 
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Two new triterpene glycosides, scabraside A (1) and B (2), and a structurally known compound (3), were isolated from the sea cucumber Holothuria scabra (Holothuriidae) collected from the South China Sea. Structure of these compounds was elucidated by spectroscopic and chemical methods. The glycosides 1 and 2 exhibit the same common structural features, i. e., the presence of 12-and 17-hydroxy groups in the holostane-type triterpene aglycone with a 9(11)-ene bond, but are different in the side chains of the triterpene aglycone. The glycosides 1 and 2 had significant in vitro cytotoxicity against four human tumor cell lines in comparison to 10-hydroxycamptothecin.
Two New Cytotoxic Triterpene Glycosides from the Sea Cucumber Holothuria scabra Acid hydrolysis of the compounds 1-3
Each of the glycosides (1 mg) was heated with 2 mol/L trifluoroacetic acid (1 mL) at 120°C for 2 h. The reaction mixture was evaporated to dryness, and the residue was partitioned between CH 2 Cl 2 and H 2 O. The aqueous phase was concentrated under reduced pressure. Then pyridine (1 mL) and NH 2 OH·HCl (2 mg) were added to the dried residue, and the mixture was heated at 90°C for 30 min. Then, Ac 2 O (0.8 mL) was added, and heating was continued at 90°C for 1 h. The solution was concentrated, and the resulting aldononitrile peracetates were analyzed by GC-MS using standard aldononitrile peracetates (Sigma) as reference samples. D-xylose, D-quinovose, D-glucose and D-3-O-methylglucose were identified in a 1 : 1 : 1 : 1 ratio for all three glycosides.
Bioassay
The cytotoxicities of 1 (95 % purity) and 2 (95% purity) against human leukemia (HL-60, MOLT-4), human lung cancer (A-549), and human hepatoma (BEL-7402) cells (Shanghai Institute of Materia Medica Chinese Academy of Sciences) were evaluated by the sulforhodamine-B (SRB) assay [7] , with the anticancer agent 10-hydroxycamptothecin (98% purity; Knowshine Pharmachemicals, Inc.) as a positive control. The target tumor cells at log phase were cultured with RPMI-1640 medium containing 10% fetal bovine serum (FBS). After dilution to 4 × 10 4 cells/mL with complete medium, 90 µL of the cell suspension were added to each well of a 96-well culture plate. Cultures were pre-incubated for 24 h in a humidified 5 % CO 2 atmosphere at 37°C. Control or test solution (10 µL) was pipetted into each well and incubated for additional 72 h. At the end of the exposure time, 50 µL of 50% CCl 3 COOH (cold) was added to each well to fix the cells (at 48°C for 1 h), and the plates were washed with tap water (5×), and air-dried. Then, 0.4 % SRB solution (50 µL) in 1% AcOH was added, and the staining was allowed to proceed for 30 min. The residual dye was washed out with 1% AcOH (4×), and the plates were airdried. To each well, 10 mM non-buffered Tris solution (150 µL) were added, and the optical density of each well was measured with a microplate reader at 520 nm. The activities of 1, 2 and the positive control at 100, 10, 1, 0.1, and 0.01 µM were determined (three replicates for each concentration). The percent inhibition (I) was calculated according to the formula: I = [100 -(OD t / OD s ) × 100], where OD t is the mean value of the optical density of the test compounds and OD s that of the solvent control. The concentration inducing 50% inhibition of cell growth (IC 50 ) was determined graphically for each experiment by curve fitting using Prism 4.0 software (GraphPad Software, Inc.) and the equation derived by DeLean et al. [8] . The IC 50 values for each treatment (1, 2 and the control) were expressed as mean ± S. D. (n = 3), and the difference in the IC 50 values between the tested compound (1 or 2) and control was examined using Studentʼs ttest. P < 0.05 was accepted as a significant difference. [9] . Therefore, a 12-hydroxylated Δ 9(11) terpenoid aglycone was identified. The presence of four β-sugar units in 1 was deduced from the 13 Cand 1 H-NMR spectra, which showed four anomeric carbon and four anomeric protons (doublets) resonances with J values of The 1 H-and 13 C-NMR signals attributable to the sugar unit were assigned by the 2D NMR experiments and the data indicated that sugar residues were all in pyranose form. The sequence of the sugar residues in 1 was determined by analysis of HMBC correlations: Xyl H-1/C-3 of the aglycone, Qui H-1/Xyl C-2, Glc H-1/Qui C-4 and MeGlc H-1/Glc C-3. The position of the sulfate group was determined by comparing 13 C-NMR data of 1 with those of known glycosides [10] . A downfield esterification shift was observed for the signal of Xyl C-4 (from δ 68.2 to 75.5). On the basis of the above data, the structure of 1 was deduced as C-NMR spectral data of the aglycone moiety were closely similar to those of leucospilotaside A [11] , from which 2 differed only by the replacement of a hydroxy group (δ = 27.7, C-25) with the signal of a methine (δ = 69.0) and downfield or upfield shifts of the neighboring carbon signals. The absence of a hydroxy group linked to C-25 in 2 was confirmed on the basis of analysis of 2D NMR spectra, especially the cross-peaks H-26/C-25, H-23/C-25 and H-24/C-25 in the HMBC spectrum. Thus, the aglycone of 2 was determined to be a 22-oxo-9(11)-ene-3β,12α,17α-triol. Comparing the NMR data of 2 and 1 suggested that these two compounds bore the same sugar moiety, same sequence of the sugar residues and same β-D-xylose residue linked to C-3 of aglycone. This con- 22-ketone-9(11)-ene-3β,12α,17α-triol sodium salt and named scabraside B. Cytotoxicities of compounds 1 and 2 against four tumor cell lines (A-549, HL-60, MOLT-4 and BEL-7402) were evaluated using the sulforhodamine B (SRB) protein assay with 10-hydroxycamptothecine (HCP) as reference compound [7] . Compounds 1 and 2 were cytotoxic, with low IC 50 value of cell viability after drug exposure of 72 h, against all four cell lines tested. Compounds 1 and 2 had higher activities towards HL-60 (IC 50 = 0.05 µM for 1 and 0.25 µM for 2) and MOLT-4 (IC 50 = 0.09 µM for 1 and 0.08 µM for 2), but lower activities towards A-549 and BEL-7402, than that of the positive control 10-hydroxycamptothecin (l " Table 3 ). These results suggest that scabraside A (1) and scabraside B (2) are potential antitumor agents that deserve further investigation, and evaluation in other cancer models. Table 3 In vitro cytotoxicity (IC 50 : µM) of glycosides 1 and 2 against four tumor cell lines (mean ± S. D., n = 3). 
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